The aim of this study is to develop a two-scale tool allowing the detailed analysis of the behavior of fiber-reinforced magneto-electro-elastic composite plates. The work is divided into two major sections. The first one deals with the homogenization of the properties of each layer based on the Mori-Tanaka mean field approach where all needed effective coefficients of each layer are determined. In the second one and in order to perform the analysis of the behavior of the obtained magneto-electro-elastic multilayered plate, the Stroh formalism is used. It allows to predict the effective behavior of such plates and the spatial distribution of the local fields along the layers.
Introduction
The behavior of active materials often exhibits multiphysical coupling effect. Moreover, the use of composite materials is increasingly used to combine the different advantages of each material.
Magneto-electro-elastic composites represent a new class of materials with several potential applications in modern nanoscience and nanotechnology. The interaction between electric polarization and magnetization offers new possibilities for functional materials such sensors and actuators.
In addition to being a multiphysical material and in order to analyze materials with magneto-electric coupling, it is important to be able to determine the distribution of the physical fields within these heterogeneous structures [1] .
Many analytical and mathematical models are developed to predict new heterogeneous magneto-electro-elastic composite materials. Li [2] studied the average magnetoelectro-elastic field in a multi-inclusion or inhomogeneities embedded in an infinite matrix. Feng, et al. [3] investigated the effective properties of composite consisting of piezomagnetic inhomogeneities embedded in a non-piezomagnetic matrix by using a unified energy method and the Mori-Tanaka and Dilute approaches. Zhang and Soh [4] extended the micromechanical Self Consistent, Mori-Tanaka and Dilute to study the coupled magneto-electro-elastic composite materials. The effective properties of multiphase and coated magneto-electro-elastic heterogeneous materials have been investigated by Bakkali et al [5] based on various micromechanical models. Some approaches have been proposed to deal with fully coupled magneto-electro-elastic laminates. Several explicit expressions have been found by Kim [6] to calculate the magnetic, electric, elastic, piezoelectric, magneto-elastic and magneto-electric effective properties. On the other hand, similar results have been obtained in [7, 8] . More recently, L.M. Sixto-Camacho et al [9] use the asymptotic homogenization to derive the local problems and the corresponding homogenized coefficients of periodic thermo-magneto-electro-elastic heterogeneous media. The theory is applied to obtain analytical expressions for all effective properties of an important class of periodic multilaminated composites.
The Mori Tanaka model presented in this paper is used to predict the effective magneto-electro-elastic coefficients. This models permit to take into account the effect of phase number and concentrations, shape inclusions, as well as its polling orientation. Results for a two-phase composite material (Piezo-electric/Piezo-magnetic) with fibrous microstructure are presented.
The macroscale equilibrium equations are solved analytically using the Stroh formalism [10] [11] associated with the propagation matrix. It should be noted that a same analysis has been proposed by [15] to deal with piezoelectric fiber actuators. However, in this multiscale analysis the behavior of each layer was obtained by periodic homogenization, which needs a more inextricable numerical procedure.
This formalism will provide solutions for multifunctional multilayered plate, to predict the mechanical, electrical and magnetic behaviors near or across the interface of material layers.
The coupled multiscale analysis procedure is illustrated through two model problems. The first model problem presents the behavior of a sandwich plate made of three heterogonous magneto-electro-elastic layers under a surface mechanical load. The second problem describes the evolution of some physical properties of graded material ADVANCED ELECTROMAGNETICS, VOL. 5, NO. 3, DECEMBER 2016 under a surface mechanical load composed by six heterogeneous magneto-electro-elastic layers.
These numerical results should be of interest to the design of magnet-electro-elastic composite laminates.
Constitutive laws and equilibrium equations of magneto-electro-elastic material
The constitutive equations for the magneto-electro-elastic medium relating stress σij, electric displacement Di and magnetic induction Bi to strain εkl, electric field Ek and magnetic field Hl, exhibiting linear coupling between magnetic, electric and elastic field can be written as: 
where In order to make easy the manipulation of these equations, particular notations will be used. These notations are identical to those using the conventional subscripts except that the lower case subscripts assume the range of 1-3, while capital subscripts take the range of 1-5, and repeated capital subscripts are summed over 1-5. With these notations, the magneto-electro-elastic constant can be represented as follows [5] 
The generalized strain field denoted by ZMn can be expressed as:
Similarly, the generalized stress field ΣiJ is given by:
The equations of equilibrium, in the absence of body force and free charge and current, can be written as:
In what follows we will study the response of a multilayer subjected to uniaxial loading while considering each layer as a magneto-electro-elastic material composed of either a piezo-magnetic matrix with different volume fraction of piezo-electric inclusion, or a piezo-electric matrix with different volume fraction of inclusion piezo-magnetic.
Micromechanics modelling
In this section, the effective properties of two kinds of magneto-electro-elastic composites are computed based on the Mori-Tanaka micromechanical mean field approach. The first one is constituted of a piezo-magnetic matrix (CoFe2O4) reinforced by aligned fibrous piezo-electric inclusions (BaTiO3) and the second one is constituted of a piezo-electric matrix (BaTiO3) reinforced by aligned fibrous piezo-magnetic inclusions (CoFe2O4). The micromechanics modeling is divided on two steps: The localization step which relate the local fields with the global ones and the homogenization step which is based on average techniques. A representative volume element V of the composite is considered. The Macroscopic fields are related to the local ones by the mean operator:
For an N-phase composite, the macroscopic fields are reformulated as:
where 'i' points to the i th phase and i f is the associated volume fraction. i Z and i  represent the local uniform fields.
Moreover, the overall constitutive equations that represent the effective behavior of the composite and each of its constituent (phase p) are given respectively by: In order to make the transition scale between the local uniform fields (phases) and the macroscopic fields (composite), the localization tensors are introduced. One can write the localization equations as follow [5] .
Based on averaging techniques (Eqs. 7 and 8) and using the localization equations (Eq. 10), the expression of the effective properties is obtained:
For the case of the magneto-electro-elastic composite considered in this article, the expression of the effective properties is given by: E represents the properties of the matrix. The localization tensor is a function of the phases' properties as well as of the shape of the inclusions. The localization tensor could be estimated based on different micromechanical models. In this paper the Mori-Tanaka model, known to be accurate and of its ease in implementation, is considered. Its expression is given by [5] .
in which,
II
T is the magnetoelectro-elastic interaction tensor that is function of the properties of the matrix and the shape of the inclusion. Details about the computation of the interaction tensor are given in [5] . Some Numerical results are presented bellow for the considered magneto-electro-elastic composites [5] . The used properties are listed in table 1. The electro-magnetic moduli are presented in figure 1 . The evolution of these coefficients versus the volume fraction of the piezo-electric inclusions is shown.
A numerical data of the effective coefficients for different volume fractions of inclusions is also presented in table 2 and table 3. 
Stroh formalism solution for the macroscopic fields
In order to analyze and design materials and devices with magneto-electric coupling, it is important to determine the distribution of the physical fields within these heterogeneous structures.
We use the Stroh formalism, described by Ting [11] , to obtain a general solution of Eq (6). The state variables satisfy the case of simply supported boundary condition.
Solutions of extended displacement vector and traction vector are respectively assumed to be as follow: (15) where p = n/Lx , q = m/Ly; n and m are two positive integers. 
The linear eigensystem to be solved is then:
where
In order to obtain the extended displacement and traction vectors at any depth, say
propagate the solution from the bottom of the surface to the z-level, i.e.,
is the thickness of layer j.
The propagating relation can be used repeatedly so that one can propagate the physical quantities from the bottom surface z=0 to the top surface z=H of the layered plate, then:
Various combinations of mechanical and electrical loads may be considered at the top (z=H) and at the bottom (z=0) of the plate. The Eshelby-Stroh solution for the macroscale analysis of laminated piezo-electric composite structures has been used in earlier studies [12, 13, 14] 
Two-scale method results
The multiscale framework is used to analyze two model problems. In the first problem, we consider a simply supported laminate consisting on sandwich multilayered composed by three magneto-electro-elastic layers of equal thickness h=0.1 with Piezo-electric fiber volume fraction respectively of 0.1, 0.5 and 0.1 ( figure 2) . A z-direction traction with amplitude σ0=1N/m 2 is applied on the top of the surface z=0.3 m. Responses are calculated for fixed horizontal coordinates (x,y)=(0.75Lx,0.25Ly). Figures 4 and 5 present the evolution of the electric and magnetic potential along the thickness direction of these different sandwich multilayers. It is obvious that the potential variations for the two cases are completely different. Figure 4 shows that the two composites behave in a different manner except at the intermediate layer where the volume fraction of the both inclusions is the same. The behavior of this multilayer is compared with that of a composite consisting of layers made by piezo-magnetic (CoFe2O4) matrix with a 0.5 volume fraction of piezoelectric (BaTiO3) inclusion and to that of a composite of layers made by piezo-electric matrix with 0.5 volume fraction of piezo-magnetic inclusion. Figures 7 and 8 show the evolution of the electric and magnetic potential for these different multilayers. We observe that the evolution of the electrical potential of the three first layers of the graded material varies in the same direction as in the case of composite made by a piezomagnetic matrix with 0.5 volume fraction of piezo-electric inclusion.
However, for the last three layers the electric potential varies in the same direction as the case of composite made by piezo-electric matrix with 0.5 volume fraction piezomagnetic inclusion. 
Conclusion
In this paper, the micro-macro problem to obtain the homogenized effective coefficients of magneto-electroelastic heterogeneous media was derived based on the Mori Tanaka method. This homogenization model is used to obtain the effective elastic, piezo-electric, piezo-magnetic, dielectric, magnetic and magneto-electric coefficients. Stroh Formalism is devoted to predict macroscopic fields in a multilayered plate. This multiscale framework is used to analyze two problems, a sandwich multilayered plates and a graded material. This allowed us to predict the behavior of these multilayered rectangular plates under surface loads with defined inclusion direction. Apart from extending the multiscale method proposed by [15] to taking into account the magnetic effect, the present method is based on a more simple procedure (Mori-Tanaka) to describe the behavior of each layer.
A genetic algorithm can be developed to optimize the best distribution of volume fraction of inclusion fiber for some defined physical constraints. 
